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;^>* :.vj..r. JvV^rv:- ^'><t 
//.j^fv/ iV(.a\/ 

The hiiitoty ui upLLcaJ accivjiy and ijtet'euisoniet'l,sm is ioii^, invuLved 
and inosi iiu crcs L inj.; . Vou can luarn about this concept: knowing nothing oT 
Us hiriior ical. backgroimd. Ih.nvover, it would be analogous to moving into 
a house witliout furniiure. Vou can live In it but you would miss ail the 
trills that one learns to enjoy and need. Hence, your appreciation oi the 
subject wuul-d be LncoinpLete. 

The hlstorlcaL events which led to t.lie discovery of the concepts dis- 
cussed in this tape and which will heip to elucidate what follows are 
enumerated in chronoiogica.1 order below: 

Opt i(!ai Activity - 

IGh^ ~ i)anish scientist iilrasmus Bartholimus found that a single ray of 
ordinary light can be divided into two rays by a properly oriented crystal 
made of calcite or Iceland spar. 

1811 - Frencii physicist Dominique Arago discovered that a quartz plate 
cut in a certiiin manner causes rotation of the plane polarized light. 

1815 - Frencli physicist Jean Baptiste Biot added a new dimension to 
Arago Vs discovery. He discovered that plates of the same thickness made from 
two kinds of quartz rotate plane polarized light the same amount but in oppo- 
site directions. 

1.828 - Scottish physicist William Nicol invented a prism called a Nicol 
prism used to produce a plane polarized light. 

Enant iomer ism - 

1769 - Scheele isolated tartaric acid for the first time. 

1819 ~ Jean Baptiste Biot determined that tartaric acid is optically 
active - dextrorotatory. 

i828 - Kestner isolate from grapes an acid that had the same molecular 
formula, tlie same structur : d the same physical properties as tartaric acid, 
but was optically inactive iLself. It was later named RACEMIC acid by Gay 
Lussac (Racemes in Latin means grapes) 

1830 - Berzelius named these two compounds, namely tartaric acid and 
r:.cemic acid, ISO>tERS. The word isomer was finally introduced to the 
scientific world. 



4 



3 



Soil Instruct; luita I Package No. 6 



History of t)|)i.. i ca 1. ActlvLty and luuintiomer ii^m (conLinuud) 



1843 - Jean Louis Pasteur sepiirated the sail crystals of the optically 
inactive racemic acid into two types of crystals which were mirror Images 
n-Jative to each otlier, Hach group of crystals was optically active. 

1874 - Van't lloff and Le Bell published their famous paper about the 
tetrahetlral carbon atom which established the basis for the concept of 
mirror image isomerism of organic molecules. It opened the doors to the 
exciting field of stereochemistry. 



(You can see the reaction of the chemical world to this paper in the 
Introduction in Self Instructional Package No. 2) 
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Vnt'm A - List i'n t Iv»'s 



STKkKUl SOMl'lKS I 



t" i 111 t i nnii - 



rih.' sludL'tit wLli h'- able la doiinL- or (lL?scriI)0 aiul iilustraLe wlL-.h appro- 
priaf.u i.*xanj>.Ii,\s (wliuru app I i.cab UO the I'dI lowing terms: storeocliemistry , 
s terooi sv)mers , Isomer ruim[)(;'r, [) laiie~po lar izecl light, opLi cally active suIj- 
s Lance , opt i i:a I ly i nact ive substaiice, polar i me tor , dextrorotatory , levoi 
tatory opecillc rotation, enantiomerSj clnral center, racemic mixture or 
racemie mtui L C L cat ion ^conf Lgura tion, R and S configuration, diastereoisomors , 
meso com[UHmd, con formers, resolution. 



\yob l enrs - 

The student will be able to Identify the chiral centers in a given molecule. 

For a given compound, the studentwill be able to identify all the teoretically 
possible stereoisomers and label them correctly as enantiomers, diastereo- 
rsomecs or meso compounds and as optically active or inactive. 

The student will be able to identify the chiral molecules in a given set of 
different compounds. 

The student will be able to assign the R or S configuration to a given chiral 
mo 1 e cu 1 e . 

The student will be able to draw the correct configuration from the given R 
or S structural formula. 

The student will be able to identify the given pairs of molecules an enan- 
tiomers, diaste reo Isomers , meso compounds or racemic mixture. 
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STKK1::01 ^K)Mi^l[S 1 

idt^ritiiy ttu' :iLaLL'nuMUs bt- low as Triu.» or False by {)J.acing a capiLa.l T ol* V 



i ri t.in.' spa'-i* t n Lhr' 1 u i I . 

1. "IIh.' ftuToct; dul, i.aiL 1.011 for unan t. lome rs is: euant ionic rs at'o mirror 

i niagi' i some rs . 

. l'^ n a n t: i oi\w r s ha v o d i f f e r e n t p h y s i c al p r op e r t i e s . 

J. DiasLorooi somers aro nonsuperimposable mirror imayc isonm^rs, 

. Mosu compounds are optically inactive. 

i) . K.icomi c mixture is optically inactive. 

6. An LMKintiomor is optically active. 

z'* All d lasterooisomers are optically active. 

'S. Mc'So compounds contain no chiral centers. 

DiasLcrcoisoiners have different physical properties. 

H). Raceniic mixture can be resolved into two enantiomers. 



Blacken out the correct answer or answers in the following questions: 

11. The chiral center in the compound below is: 

CH^C:H(CH2)CUB CH^Br 

A li C D 

a) A 

b) B 

c) C 

d ) r; 

12. Corr»:»ct statements about 2~bromo~3~methy 1 butane are: 



a; it contains two chiral centers. 

b) It can exist as a pair of optically active enantiomers. 

c) it is a me so compound. 

d) it can exist in form of an optically inactive racemic mixture. 
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S! I' No. h 

Form B - Uolf Kvaluatiun Mxcrcisu 

r.J. Corrt/et t.ilLMiUMits about 'J ,A-d Ihromo hexaiie arc: 
<i) it. coiU. aiiis two Lliiial CHMittTS. 

I)) il can exist as a pair ol" optically active cnian I Lomers . 

c) it can (jxist as a inoso compound, 

d) theri! arc tour stereoisomers that can be separated and identified 



[if. C»)rrL'Ct statements about 2,3--dibromo pentane are: 

a) it contains two chiral centers. 

b) it can exist as a pair of optically inactive enantiomers. 

c) it can exist as a meso compound. 

d) th*„'re are four stereoisomers that can be separated and identified of 



Identify the pairs of compounds in the next six questions as: a) enantiomers, 
b) d iastereo i somers , c) meso compounds, d) none of the above. 



of 3,-^-dibromo hexane . 



, 3 ~d i b r omo p en t ane . 



15. 





16. 





c n 

3 7 




17. 



H-C-OH 





ilO-C-H 
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No. U 

f'V>riii I?. - S('l.t' Kvaliiatfoi) Kxurriso 



11-C-Bf 



ll-C-lir 
I 

(:n.3 



Ik-C-H 



Hr-C-H 
I 

CI..3 



□.3 

n-c.:-OK 



H-OBr 

I 



cn,, 

i!0-C-H 



15r-C-H 
I 

CH3 



20. 



II-C~OH 

I 

CH3 



I-C-H 

1 

H-C-OH 

I 



IdfiiLify the compounds in the next five questions as a) optically active, 
h) optically inactive, c) meso compound, d) enantiomer. 



OH 



CH. 



Br 



OH 



23, 



CH. 



OH 



ERIC 



CH„ 



SIP Ni*. (> 

Foi'iu I> - 'U'W l'!val ual I oil KxtTi'lsi* 



CH 



Hr 



Hr 



CH. 



CH 



OH 



CH., 



CH^ 

26. A dex troroLatory substance has the following characteristic properties: 

a) It has an R configuration. 

b) It turns the plane-^polarized light to the right. 

c) It has an S configuration. 

d) It should be labeled with a prefix (+) 

27, The correct statements about an unknown substance that shows an angle oi 
rotation - + ,5.6° when placed in a polarimeter are: 

a) This substance is made up of chiral molecules. 

b) This substance may be the positive enantiomer. 

c) This substance may be the racemic mixture. 

d) This subsLancx .y be a mixture containing an excess of the dextro- 
rotatory enantiomer . 
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1'? rortiMt St ,tttM]ioiii ,iln)ut I Ilk' ci>iil 1 ^;ntM t. inn Iu'IoVn' iWi:: 



II' 



■•:©. 



■ O 1 I i .111 K- coiil i j'.'i r.it. Ion . 

Ii) 1 1 i:> all S- ront li'.ufat loii. 

() It i -i .1 ik'XirDi'ol.itory sulis Laiui.' . 

d) ll is a h'vora (:;it;orv substanci'. 
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t)iu>*. t I •MIS , I, M l!h.i|)(i'r , ,S("r t inilji i) y /, «S 

' I'u-.s t. i o(r; No, K /, '> Cluiptvr ^'i , Sim^I. lun 17 

gu.'sli(M;>. . , S, I M, J.; Cluiptor Sc(.lii)U 18 

i^Ub'st loll Ni). >, 10 t:h»»pLer A, Surllon 12 

i)<i.'.;tiun No. II Cliapler 4, Sciitlou 10 

•JUrstnuis Nn. 12, Us :M , 2j CluipLer A, Si-cUous *J , .10 

ijiii.-st ions No. 1 iA, 17, 10, 1!0 , 23 CliaptL^r A, Sections 17, 18 

f;iiho;t i <^ti No. 2b CliapLer , Si^ctitKi A 

< "i;.-; t. i o{( .N'i- . J/ Cluiptor 4, Sort* ion 13 



For (niostioiis 1, 2, 6, 10, II, 12, 13, 16, 21, 22, 25, 26. 27, additional 
cxi'laLiations and I'xamplcs can be found in Tape 1. Optical Activity, Knan- 
tiomorisni, \l ^ S cord' igiira t i ons wi.tli the accompanying work sheet and answer 
shret . 

For gnostions i, A, 7, 8, 0, 13, U, 17, 18, 19, 20, 23, 24, additional 
CA(> 1 anat ions and examples can be found in Tape 2 ~ I) las t ereo i somer ism with 
thr accompany i ti).; wr>rk i-dieet and answer sheet. 
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Sell: Instructional Package No. 6 
Tape 1 - Work Sheet 



I am not asJiamed to confess 
tkat I am ignorant of what 
I do not know. 

— Cicero 



ST£REOISO^^ERISM I 
Opcical Activity, Enanteomerism, R, S Configurations 



Example No> 1 - optically active substances 

An optically active substance is a substance that rotates the plane 
polarized light. 

optically active 
substance 

"^rotates the 
plane polarized 
light 

ORDINARY LIGHT ^ PLANE POLARIZED LIGHT 

(vibrates in an (vibrates in one plane • 

infinite number only) 
of planes) 

optically inac tive 
subs tance 

>no change 



Example No > 2 - Polarime ter 
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Tape L - Work Sheet 



Example No. 3 



-> DEXTROROTATORY or (+) - it rotates 
the plane polarized light to the 
right 



optically active substance (+) or (~) 



-> LEVOROTATORY or (-) - it rotates the 
plane polarized light to the left 



Example No. 4 - van't Hoff and Le Bell, 1874 

1. For any atom A only one substance of formula CH^A has ever been found. 

2. For any atoms A and B only one substance of formula CH2AB has ever been 
found. 

3. For any different atom A, B and D two^ nonsuperimposable mirror image 
isomers of the formula CHABD were found. 



van't Hoff and Le Bell in 1874: only if the four atoms or four groups 
attached to the carbon atom are directed to the corners of a regular tetra- 
hedron, statements 1', 2 and 3 are fully accounted for. 

Example No. 5 



CH^ 

CH^-C 

^ r 
Br 



-CH2-CH2OH 



or 



-C-C-C-C-OH 
Br 



CH.v-Cl( 

CI . CH^-CH^-C CH. 

3 2 , . 

Br 



-CH-CH^ 
CH^ 



or 



-c-c-c-c - 

I » ' ' ' 

' Br ^C- 



OH 

nr. CH -CH-CH-GH^ 
3 Br 2 



-CH. 



or 



OH 

-c-c-c-c-c- 

Br 
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Assignment Nq^ 1 



Identify all chiral centers in each of che compounds below: 



a) CH^ CH^ CHBr CH^^OH 



CH3 

b) CH^ CH— CH-CH^-CH^Br 
CH3 



c) 



CH^-CH— €H CH^-CH^ 

C2H5 



OH 
I 



d) CH^-CH^-CH-CH-CH^-CH^ 



e) CH^-CH-CH-CH^OH 
OH OK 



CH^ 

f ) CH^-C CH-CH^ 

Oil Br 



Excuiiple No. 6 




"Head-on view" 
I 

G = green ball 
Y ^ yellow ball 
R = red ball 
B = blue ball 

COOH 

IL. 



CH- 



OH 



III 



mirror 




©■.., 



"Head-on view" 
II 



COOH 



C 



mirror ^.jq 
"lactic acid'-"* 



IV 



ENANTIOMERS are nonsuperimposable mirror image isomers (such as I and II 
and r.II and IV) 
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Example No. 7 

In the diagrams below the horizontal lines represent bonds coming toward 
us out of the plane of the paper; the vertical lines represent bonds 
going away from us behind the plane of the paper. 



II 



COOH 



OH 



HO- 



COOH 



CH. 



Ill 



IV 



Assignment No. 2 

Complete the diagrams to the right that will correctly represent the 
compounds on the left. 



a) 



COOH 



■*-c 
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TaDO L - Work Sheor. 



AissLgninent No, 2 (conlinued) 



b) 



OH 



Br 



c) 



Br 



S"7 



OH 



As s ig rune nt No. 3 

Tdentify each pair of Compounds below as s up er imp o sable or nonsuperimposable. 



a) 



COOH 



HOOC 



CH-: 



-Br 



b) 



Br 



CH 



Br 



C H 
3 7 
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Assignment NV) . 3 (continued) 



c) 



COOK 



Br- 



C2H5 



Br- 



COOH 



d) 



CH OH 
2 



OH 



CH„ 



-CH^OH 
2 



CHq 



OH 



Assignment No. 4 

Identify each pair of the compounds below as: superimposable or non- 
superimposable ; optically active or inactive (when separated); enan- 
tioraers; different or identical. 



a) 



CH. 




CH-: 



Br 



CH. 




Br 



CH. 



b) 



C2H3 



H . 



*0H 



^^2^5 
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Ass i g nni e II t 1 1 o . 5 

Draw the stereochemical formulas for both enantiomers for each of the 
compounds below: 

a) 2~bromobutane 



b) 2~hexanol (CH^ CH OH CH^ CH^ CH^ CH^) 



c) i-bromo~2~me thy 1 butane 



EKLC 
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Assignment No. & 

Compare the dextrorotatory and the levorotatory fonns of 2-bromo butane 
with respect to: 

a) density 

b) boiling point 
f) melting point 

d) rate of reaction with bromine in light 

e) rate of reaction with magnesium in ether 

f) index x^f refraction ^ 

g) specific ro tat ion 

h) solubility in chloroform 
Example No> 8 

Racemic mixture is a mixture consisting of equal amounts of the two 
enantiomers. 

Resolution is the separation of the racemic mixture into the enantiomers* 

(+) 2-chloropentane 

RESOLUTION 
2-chloropentane — — 

Racemic mixture ^ (-) 2-chloropentane 

Assignment No, 7 

Identify the statements below as True cr False, 

a) a given mixture of enantiomers is optically inactive. 

b) a mixture containing an excess of the levorotatory compound will 
be optically active. 

c) from the given configurations of the two enantiomers one can 
identify the dextrorotatory and the levorotatory one. 

d) Racemic mixture is a mixture of two enantiomers. 
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LxarripLfc No. 9 - Determination of the configuration 

Configuration is the arrangement of atoms that characterizes a particular 
s te reo isomer . 

S tep L - A sequence of priority is assigned to che four atoms or groups 
attached to the chiral center by employing the set of sequence 
rules . 

Step 1-' - The molecule is visualized oriented so that the atom or the 

group with lowest priority points away from the viewer or is in 
the back. The arrangement of the remaining three groups is then 
observed . 

F.x ample No. 10 - S equence Rules 

Rule No. 1 ~ Higher atomic number prf^cedes the lower atomic number* 



I (1) I (1) 

I 

(^) H~C-C1 (3) H 

Br • / \ * 

(2) /-A 

(3) CI Br (2) (2)Br CI (3) 



R Co nfiguration S Configuration 

Rule No. 2 ~ If the priority sequence cannot be determined on the basis of 

" the atoms directly bonded to the carbon atom, it will be deter- 

mined by the next atoms in the group and so on, working outward 
from the chiral center (this is known as the technique of "out- 
ward exploration" . 

H BrH H 

H-C~C-C-C-H 
I f I I 

Br H H H 



Br (1) Br (1) 

(4) H. I H..... i 

Configuration Configuration 
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Exrimple No« 10 - Sequence Rules (continued) 



Ru le No . 3 - A double or a triple bonded atom is equivalent to two or 
three of the same atom single bonded. 



A. 



/H 
C=0 



Vc 




HO 



CH^-CH^ 



same as : 



( ) 



(4)H. 



(1) HO 




CH^OH ( ) 



Configuration 



HC=CH2 




Br C=0 
H 



same as ; 



(4) H , 



HC. 



/C ( ) 



(1) Br I Q . s 
H 



Configuration 



Assignment No> 8 

Identify the priority sequence and assign the correct R or S configuration 
to the following compounds: 



a) 



CH. 



b) 



/\ 

HO Br 



C3H7 



7\ 

CH^ Br 
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Assignment No. 9 

Draw the R and S configuration for the following compounds: 
a) 2-bromobutane 

h) 3-hexanoL (CH.^ CH CHOH CH CH CH ) 
i 2 2 2 3 

c) 3-methyl-2-bromo butane 

d) 1,3-dibromo pentane 



23 
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Tape 1 - Answer Sheet 



Stereoisomerism I 



Optical activity^ Enantiomerism R, S Configurations 



Assignment No. 1 



Br 

a) CFl.^-CH2-C*— enroll 



(one chiral center) 



CHo a 

b ) C -CH — C — C H,, -CH ^ B r 

CHo 



(one chiral center) 



c) No chiral centers 



OH H 

d) CIL-CH -C — C — CH^-^CH^ 
H CH. 



( two chi ral e n ters ) 



H H 

e) CH -C* — C*— CH OH 
3 I I 2 
OH OH 



( two chira 1 cen ter s ) 



CH3 



f ) CH^-C C — CH^ 

OH Br 



(one chiral center) 
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Assly,nment No. 2 



COOH 



C H 

2 5 



b) 



OH 



CH 



Br 



C3H7 



c) 



Br 



H 



OH 



Assignment No> 3 

a) non super imposable 

b) nonsuperimposable 

c) nonsuperimposable 

d) super imposable 
Assignment No. 4 

a) identical, 

b) super imposable, 

c) nonsuperimposable, enantiomers , 

d) nonsuperimposable , different , 



superimposable , 
identical. 



optically Inactive 
optically active 
optically active 
optically active 
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AssL£;nm e nt No* 5 



a) 



Br 



Br 



■CH, 



b) 



OH 



V9 



OH 



CH, 



c) 



CH^Br 



CH, 



C H 
2 5 



S"5 



CH, 



CH^Br 



Assignment No. 6 



a) identical 

b) identical 
identical 
identical 

e) identical 

f) identical 
identical 
identical 



c) 
d) 



g) 
h) 
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Assignment No. 7 

a) F 

b) T 

c) F 

d) F (incomplete statement) 
Asaisnment No. 8 ' 



a) 



(4) 



(2) 



CH3(3) 



A 

HO Br (1) 



C3H^ (2) 



(^) H 
b) --.C 




(3) CH3 Br (1) 

S- 



CH3 (3) 



c) (4) H. 



(i) CI CH, 



S- 



^CH3 



(2) 



CH^OH (2) 



(4) H.^ 

/\ 

HO CH^-CK^ (3) 



C=N (2) 
(4) H-..,.. I 

e) 




(3) C=C OH (1) 



S- 



H-. 



CH3 (3) 



■■••c 



(2) H2C = CH NH^ (1) 



R- 
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Assisnntent No. 9 
Br 

a) H.. I 



CH^ C^yi^ 



Br 



C2H5 CH^ 



R- 



b) 



OH 



C2H5 



C3H7 



OH 




R- 



S- 



c) 



Br 



CH3 CHCCH^)^ 



Br 



\ 



CH 



d) 



Br 



C 



CU -CH Br 
C2H5 2 2 



Br 



CH^Br CH^ 
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It is better^ of aoiwsCj to 
know useleos things than to 
know nothing. 

Seneca 



STEREOISOMERISM II 



DIASTEREOISOMERISM 



Kxci mple No. I - S tereoisomers of 2 , 3~dibromapentane 



CH, 




Br 




Enantiomeric pair 
Analogous models to be made: 



» R 
CI. \ 




La 





Y / G 
Bl 
Ila 



B - black bail (carbon) 
G - green bail (brown) 
Y - yellow ball (hydrogen) 
Bl~ blue bail (C2H5 group) 

R ~ red bail (CH^ group) 




C^H5 

III y IV 

Enantiomeric pair 






IVa 
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CH 



3 



H — Br 



Br. 



I 



Br 



Br 



C2H3 



II 



3 



Hir 



■Br 



III 



lit' 



CH, 



C2H3 



IV 



eaantioineric pair 

Are I and II superimposable? 

Are I and II mirror image isomers? 
[ and II relative to each other are 



enantiomeric pair 



Are HI and IV superimposable? 



Are lit and IV mirror image isomers? 
HI and IV relative to each other are 

Are I and III superimposable? 



Are I and III mirror image isomers? 
Are I and III stereoisomers? 



I and III relative to. each other are 



Are I and IV superimposable? 



Are I and IV mirror image isomers? 
Are I and IV stereoisomers? 



t and IV relative to each other are 
Are II and III superimposable? 



Are II and III mirror image isomers? 
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Are il and III s Cereoisomers? 



1.1 and Lil relative to each other are 



Arti II and IV superiinposabie? 



Are LI and LV mirror image isoniers? 
Are tl and IV stereoisomers. 



LL and LV relative to each other are 



DIASTKRJilOISOMERS are nonsuperimposable stereoisomers that are not mirror 
images of each other. 

STEREQISOMERIC RELATIONSHIP OF - I, II, III, and IV 



I 

IL 

III 

IV 



1 



enantiomer 
diastereoisomer 
dias tereoisomer 



II 

enantiomer 



diastereoisomer 
diastereoisomer 



111 

dias tereoisomer 
diastereoisomer 



enantiomer 



IV 

dias t e reo is ome r 
diastereoisomer 
enantiomer 



Assignment No. 1 

Draw stereochemical formulas for all the possible stereoisomers of 1-bromo- 
2,3-dimethyl pentane. Tabulate their stereoisomeric relationship in a table 
analogous to the one used in Example No. 1. Identify the ones which will be 
optically active when separated. 
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As si|>nmenL No, 2 

Using Fischer representations, draw the configurations of all the stereo- 
isomers of 2,3,A-tribronio hexane. Tabulate their stereoisomeric relation- 
ship in a table analogous to the one given in Example No. 1. 
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A^^ ilgnmeat No. 3 



a) The number of chirai centers in 2 , S-dibromopentane (Example No. 1) 



IS 



The number of possible stereoisomers of 2 , 3-dibromopentane (Example 
No. 1) is 

b) The number of chirai centers in l-bromo-2 , 3-dimethylpentane (Assignment 
No. 1) is . 

The number of possible stereoisomers of l-bromo-2 , 3-dimethylpentane 
(Assignment No. 1) is . 

c) The number of chirai centers in 2 , 3 ,4- tribromohexane (Assignment No. 2) 
is 



The number of possible stereoisomers of 2 , 3, 4- tribromohexane (Assignment 
No. 2) is . 

If the number of chirai centers in a molecule was 4, the maximum number 
of possible stereoisomers would be 16. 

What is the relationship between the numbers of the chirai centers in a 
molecule and the number of possible stereoisomers? 
Example No. 2 - Stereoisomers of 2 , 3-dibromobutane 



CH. 



CH. 



Br- 



-Br 



Br- 



•Br 



-Br 



■Br 



CH. 



Br- 



Br- 



CH 



3 
II 



CH^ 
III 



I CH. 



IV 



enantiomeric pair 
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Are I and li super imposablL'': 



Are I and II mirror image isomers? 
I and II relative to each other are 



■* Are III and TV super imposable? 



Are III and IV mirror image isomers? 
in and IV relative to each other are 



I and III relative to each other are 

II and III relative to each other are 



A MESO compound is one whose molecules are superimposable on their mirror 
images even though they contain chiral centers. 

Ill = IV = optically inactive MESO compound 




• Br 



plane of symmetry 



CH3 

Stereoisomeric relationship of I, II, and III, 
I II 



III 



I 

II 
III 



enan tiomer 



enan t iomer 
diastereoisomer 



dias tereo isomer 
dias tereoisomer 



dias tereoisomer 
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A!rjs 1^ nrn ent: No. 4 



Draw the stereochemical formulas for 
ful loving compounds. Label pairs of 
which isomers, if separated from all 
active . 



a) 3,4-dimethyl hexane 

b) 1,2, 3,4~tetrachlorobutane 

c) 2,3-dimethyl pentane 

d) 2-iodo~ J-bromo butane 



all the possible stereoisomers of tlie 
enantiomers and meso compounds. Tell 
other stereoisomers, will be optically 
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ERIC 



Assignment No« 5 

a) In a study of chiorination of butane, seven products of formuia C^llgCl,, 
were isolated. What are their structures? 

b) Three of them can be resolved into two enantiomers . Which ones are 
these? Draw the stereochemical formulas of these six enantiomers. 



/\ssignment No, 6 

State the difference between a meso compound and racemic mixture. What is 
the feature that they have in common? 
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Tho sieroolsomors from KxampLe No, L have the following conCiguratlonH ; 

I is: S, S-2 , 3-d ibromopentane (or 2S, 3s 

II is: K, 3-dibromopentano (or 2R, 3R 

ill is: S, K-Z^J-dibromopentane (or 2S, 3R 

1.V is: R, S~2 , 3-dibromopcntane ' ;r 2R, 3S 

The stereoisomers from Kxample No. 2 have the following configurations: 

I is: R, R-2 , 3-dibromobutane 

II Is: S, S-2 , 3-dibromobutane 

LI I is: R, S~ or S, R-2 , 3-dibromobutane 

Assignment No. 7 

Assign the R/S specification to the stereoisomers in Assignment No. 1 and 
Assignment No. 4, Part b. ' 
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1 1 1 uv.t rur (, iona 1 No. ft 



I)iasU'rci)Isoiiu.Tism 



Cll.^lir 



C!l 



I C,Il5 



1 1 



eaan t ioiner ic pair 



CH.,Hr 



CIL 



C2II3 



Tli IV 
enantioaier ic pair 



LI 

III 
I.V 



II 



enant lomer 
dias tereoisomer 
di astereofsomer 



o nan t Lomer 



III 



IV 



d Las tereo isomer 
dias tereoisomer 



diastereoisomer : 



diastercoisomer * enantiomer 



dias tereoisomer 
dias tereoisomer 
enantiomer 



All u£ them (I, II, III and IV) will be opticall active when separated. 
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:.||' No. ii 



CII, 



15 r 



Br- 



■ lir Mr- 



li M- 



'11 H- 



-lir 



C2H5 
11 



Cll. 



-Br 



■Br 



C2H5 
VII 



Cll-; 



Br 



Br- 



Br- 



C2H5 
VIII 



Cll. 



CM 



• Br Br- 



-Kr Br ■ 



Br ■ 



•Br 



HI 



IV 



ERIC 



39 

38 



T,(|li- I I - All^.W•■t Stlfi't 



lit-. 



II r 



lir 



VI 



r7 


I 


I I 


III 


IV 


V 


VI 


vn 


VIII 




V. 


D 


I) 


D 


D 


D 


D 




K 




D 


1) 


D 


D 


D 


D 


r 11 


I) 


I) 




I-: 


D 


D 


D 


D 


[V 


I) 


D 


E 




I) 


D 


D 


D 


V 


I) 


I) 


D 


D 




E 


D 


D 


VI 


D 


D 


D 


D 


E 




D 


D 


VLI 


D 


D 


I) 


D 


D 


D 




E 


VI ir 


[) 


D 


D 


D 


D 


D 


E 





= enantiomer 



[1 = d iasCiTL-oisonier 
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Assi>;nmenc No> 3 



No. of chiral centers^ 

a) 2 

b) 2 

c) 3 

4 

The max. No. of stereoisomers for a given molecule is : 



Max. No. of possible stereoisomers 
4 
4 
8 
16 



(n = No. of chiral centers) 
Assignment No. 4 
a) 3,4~dimethyl hexane 

I 



C2H5 



C2H3 



CH, 



-CH, 



CH, 



1 



H I H 
I 



•CH, 



C2H3 



C2H3 



I -., I .' II 

enantiomeric pair 
(optically active when separated) 



C2H3 



■CH, 



-CH, 



C2H3 



III 



Meso compound 
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Assignment No> 4 (continued) 
b) 1 ,2 , 3,4-tetrachlorobutane.. 



CH^Br 



Br. 



-Br 



CH2Br 



I 



CH^Br 



Br- 



CH2Br 



■Br 



CH2Br 



•Br 



Br 



CH2Br 



II 



(optically active '-when .separated) 
Enantiomaric pair 



III 



t^so compound 



c) 2,3-dimethyl pentane 



S»5 



CHCCH^)^ 



CH. 



enantiomeric pair (optically active when separated) 
d) 2-iodo-3-bromo butane 



CH 



Br 



33 



CH 



3^ 

I ^, 



CH 



Br 



f3 

II 



enantiomeric pair 



CH, 



H H- 



H H- 



•Br 



III \ 



CH, 



Br 



IV 
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Asslgnineni: No. 5 



a) 



(1) CH -C— CH -CH 

J 2 , 2 3 

CI CI 



?1 



CH -C— CH -CH 
I 2 , 2 3 

CI H 



(2) 



H 

CH -CH -C— CH 
2 2, 3 



I 

CI 



CI 



CI 

CH -CH -C— CH 

,22,. : 

CI H 



(3) 



CH2-CH,-CH2-CH2 



CI 



CI 



(no chiral centers) 



(4) 



CI-CH-CH2-CH2-CH3 (no chiral centers) 

CI 



01 



(5) CH3-C— CH2-CH3 (no chiral centers) 



I 

CI 



(6) 



CH^-'-CH-CH-CH^ (meso compound) 

II 
CI CI 



H CI CI H 

(/) I I I I 

CH^~C — C— CH^ + CH^-C— C — CH^ 

CI H H CI 
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Assignment: No. 6 

Both MESO compound and Racemic mixture are optically inactive. 

MESO compound is one single compound which cannot be further separated or 
resolved. 

Racemic mixture is a MIXTURE of two enantiomers and can be further resolved 
into these constituents. 

Assignment No. 7 

Stereochemical formulas from the Assignment No. 1: 



I 


R, 


s - 


2,3- 


-dimethyl 


pentane 


II 


s. 


R- 


2,3- 


-dimethyl 


pentane 


I£I 


R, 


R- 


2,3- 


-dimethyl 


pentane 


IV 


s. 


S- 


2,3- 


-dimethyl 


pentane 



Stereochemical formulas from the Assignment No. 4 (c) 

I S, S- 1,2,3, 4-tetrabromobutane 

II R,R- 1,2,3,4-tetrabromobutane 

III R,S or S,R 1,2,3,4-tetrabromobutane 
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STEREOSIOMERS I 



Identify the statements below as True or False by placing a capital T or F 
in the ipace to the left. 



1. Racemic mixture is a mixture of two enantiomers. 

2. A (±) mixture is optically inactive. 

3. Resolution is separation of racemic mixture. 

4. The correct definition for enantiomers is: enantiomers are non- 

superimposable stereoisomers . 

5. An R configuration also indicates that it is a dextrorotatory sub 

stance . 

6. An optically active molecule is always a chiral molecule. 

7. A chiral molecule is always optically active. 

8. Diastereoisomers are not mirror image isomers. 

9. The correct definition for diastereoisomers is: diastereoisomers 

are nonsuperimpo sable s tereoisomers . 

10. A meso compound possesses two chiral centers and consequently is 



optically active. 

Circle the appropriate, answer or answers in the following questions: 



A 


prefix 


(- 


-) indicates the following: 


a) 


That 


a 


molecule 


possesses S configuration. 


b) 


That 


a 


molecule 


is levorotatory . 


c) 


That 


a 


molecule 


possesses R configuration. 


d) 


That 


a 


molecule 


turns the plane-polarized light to the right. 



45 

44 



SIP No. 6 

Form D - Progress Check Evaluation 



12. The correct statements about enantiomers are: 

a) They are nonsuperimposable mirror image isomers. 

b) They are optically active when separated. 

c) They have identical physical properties (B.P, M.P, D, etc.) 

d) When mixed together they are optically inactive. 



The following three questions are related to the configurations below. 
The correct statements about these configurations are: 



HO 



OH 



CH 





3 











OH HO 



OH H 



CH-^ 



CH. 



OH 



HO 



HO 



CH. 



CH. 



H 



II 



III 



13. a) I and II are dias tereoisomers relative to each other. 

b) II and III are dias tereoisomers relative to each other, 

c) III and IV are dias tereosiomers relative to each other, 

d) II and IV are dias tereoisomers relative to each other. 

14. a) I and II are enantiomers relative to each other. 

b) I and III are enantiomers relative to each other. 

c) III and IV are enantiomers relative to each other. 

d) II and IV are enantiomers relative to each other. 
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15. a) I would exhibit optical activity. 

b) II would exhibit optical activity. 

c) III would exhibit optical activity. 

d) IV would exhibit optical activity. 

16. In 1, 3~dibroino butane the chiral centers are: 

a) Carbon No. 1 

b) Carbon No. 2 

c) Carbon No. 3 

d) Carbon No. 4 

17. Identify the pairs of compounds in the following questions 
a) enantiomers, b) meso compound, c) diastereoisomers , 
d) structural isomers. 



CoH 



3"7 



OH 



HO 



C2H5 



C2H5 



18. 



CH. 



HO. 



C2H5 



Br 



Br 



CH. 



C2H5 



OH 
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i9. 



CH„ 



CH-j- 



C2H5 



OH 



Br 



CH. 



CH- 



Br 



C2H5 



OH 



20. 



H. 

H . 



S«7 



Br 
Br 



Br 
Br 



^3^7 



H 
H 



21, 



HO- 



CH. 



S»5 



Br 



CH. 



Br 



HO. 



S»5 
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22. 



CH, 



Br 



Br 



Br. 



Br 



^"5 



Identify the compounds in the next questions as: a) optically active, 
b) optically inactive, c) meso compound, d) enantiomer. 



23. 



C2H5 



CH. 



CH. 



24, 



CH. 



OH 



25, 



.OH 



Br 



CH 



4 9 
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26. 



CH- 



C2H5 



OH 



-OH 



27. 



C2H5 



Br 



Br 



S«5 

28. The correct statements about the configuration below are: 



a) It is an R configuration. 

b) It is an S configuration. 

c) It is a dextrorotatory substance. 

d) It is a levorotatory substance. 
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STEREOISOMERS I 

1. F 11. c 20. b 

2. F 12. b, d 21. a, d 

3. F 13. a, b, c 22. b 

4. T ; 14. a, b, d 23. a, d 

5. T 15. a 24. b, c 

6. T ■ 16. d 25. b 

7. F 17. b 26. b, d ■ 

8. F 18. c 27. a, b, d 
<). T 19. a 28. a 

10. T 
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STEREOISOMERS I 



1. 


F 




b 


20. 


b 


2. 


T 


12. 


a , b , c 


21. 


c 


3. 


T 


13. 


a , b , c 


22. 


a 


4. 


F 


14. 


b 


23. 


b 


5. 


F 


15. 


a, c 


24. 


b 


6. 


T 


16. 


c 


25. 


a , d 


7. 


F 


17. 


d 


26. 


a , d 


8. 


T 


18. 


a 


27. 


b, c 


9. 


T 


19. 


a 


28. 


a 


.10. 


h 
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DFFu:iTio;;s 



1. STRUCTURAL IZOy^llS 



2. STErEOISGMlRS 



3. so;;FOR;-iATior:AL iso?'-:rs 



4. C::iRAL C;.::Ti:!< 



5. CHIRAL WLLTULlS 



6. EiJAMlIG::CR3 



7. DIASTEREOISOf'E;'.:^ 



8- R,V:E;i[C IiODi:-:CATJOfl 
0',i RA'wO'UC MiCTURE 



10. cc;!j^igu/^atic;^ 



n. CECMZTRIC 120f!C-:S^ 



Ccrpcijndc with the same molecular forniiila but 
diffor?nt scructuro. Thcry have diftcrrav': physicc:! 
properties. (Consequently can be separat-jd by 
errpioying simrie lQbor:"ilory t^^rhniques such as 
distillat'on and recrystallizat ion. ) 

Coirpoundi^ wit!i the same mol^^cular forrr;-:!.!, thc^ 
Si:;ii:e structure but different arrai'^ge-Ty-ivc of acc:r3 
i^i spacr. 

Str^r-:oii,cr.;or:> which can be i-iterccnvert^^d into 
pa'-f other du? to t-io free rcv^lvio,; around the 
c-:-'hrn - r,£ir;,..-;n s^n^ile boHO, T^i^y i^a-'O the same 
p'r/F.^cai :^r-:;p'--r':ies. (Ccr.scquCHoiy cannot be 
S 'jparat:ed. ) 

A carbon atom to wfn'ch fcur dlvferr- nt circups are 
attached. 

r'olecules that ar-a not SL:;:2rirrpo3ab'!e on their 
n;:rrcr ii^agcj. 



A:^e i2cn2Uj:c'rhn'NOG.v-jle rrirror in'-:;^e i>c^,?r3. thC'»y 
hv;e iC^l^zr]^i'"y- fcz\ p' ;?xc^pt for the 
cion of liii 6;Kji8 of ':'claiv;n c:. (C?ns'jr.!;e,itly 
u'aiy cvT'Ct: b? z::^ri^c./y\ by sii.nle laboratory 
tjciinique, } 

3::er''^c1sor2r: that a^^e net mirror iiriages of each 
ot'-ier. ('it:cy have dii^f^rent physical properties.) 



A mixi.ure r.ad? up of equal parts of enanti orders. 
It is cptically ine.ctive. 

A cc:npoi:nd that is optically inactive (sv'per- 
ir.iposcble on its mirror image) even though it 
co.roains chirr.*! centers. 

I'c is the arrar:»en!^-r.t of atoins that characterizes 
a particular si jrecison^er. 



Diru3t:reciscrr..M^s vnlch -^xist c'*''^ t'iCr r.i":Je.rc?d 
rctacion or:u:;-' t'^:: u- vjO;i - f ;.rjL.i djucTj bond. 
{Z a:id E : ':r..;\jj ) 
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